Background: Our study investigated the readability of printed material about dementia that is offered to patients and caregivers.
Introduction
Besides age, a low level of education is an important socio-epidemiologic risk factor for dementia in later life. Early recognition of the signs and symptoms of dementia and adherence to medical treatments offered are vital. It is therefore crucial that the information given to patients and their caregivers is clear and readily accessible. Such information should promote shared decision-making by helping those involved understand the course of the disease, as well as understand the risks and benefits of anti-dementia and psychosocial treatments. Older people, patients and their often younger caregivers usually receive initial information in written form, predominantly via leaflets, information brochures and/or the internet. Written information, freely available, is cost-efficient and is often used by healthcare professionals in order to complement verbal information. The available material, however, is usually written by members of the health system who differ from the target group with respect to age and education. It is therefore not surprising that much of the printed information given to the target group requires high reading skills.
Despite efforts to improve education in the industrialized world, a considerable proportion of the population has reading difficulties or a level of literacy that does not exceed 6th-8th school grade (Davis et al., 1990; Weiss et al., 1994; Hearth-Holmes et al., 1997; Galloway et al., 2003) .
Written medical information pertaining to symptoms, prognosis and treatment is often complex and difficult for patients with cognitive impairment and for caregivers to understand. Unfortunately, older people with cognitive decline or mild dementia as well as their caregivers are likely to have a low level of education and reduced literacy skills, which consequently reduces their ability to understand medical procedures and available treatments.
Readability is a construct that has been investigated in the social sciences for several decades. It has been shown that several factors influence readability, including font type and size, word length and sentence length. Readability indexes have been developed in order to measure and compare texts, as well as to relate them to external parameters such as school grade or neuropsychological test results. The SMOG (Simple Measure of Gobbledygook) index, derived from Gunning's Fog Index (Gunning, 1952) , estimates the number of years of education required in order for a patient/person to understand a text passage. It is based on counting polysyllabic words and has been widely used in medicine (McLaughlin, 1969) . Today, the SMOG index can be calculated using software such as Text Quest (Klein, 2004) or internet-based tools (National Literacy Trust, 2008) . Other readability indexes, for example the "Flesch-Kincaid Grade Level formula" (Flesch, 1948) , are offered as extra modules in commonly available commercial word processors (e.g. Microsoft Word).
Information deficits on the patient's side may have an enormous impact on their health. Previous studies have shown that poor legibility of drug labels leads to non-compliance, poor health (Weiss et al., 1991) and increased health costs (Weiss and Palmer, 2004) . Earlier studies have also shown that the reading ability of patients is lower than expected and that the reading level of written patient information pertaining to medical procedures exceeds the actual reading ability of the targeted group by several school grade years (Table 1) . The research question of the present study was whether the readability levels of freely available brochures about dementia and related disorders matches the assumed reading skills of the targeted population (patients and their caregivers).
Methods
We searched the internet, focus group publications, government and nongovernment organizations and pharmaceutical companies for printed patient information on dementia and cognitive decline using the following keywords (and/or): Alzheimer's disease, disease and associated health problems, cognitive/ memory impairment; dementia. Predefined inclusion criteria were:
• that the information be freely available (printed brochure or pdfformat) • that the information be targeted at the general population, older people or patients with dementia or their carers and relatives
• that the medical content should pertain to symptoms, diagnostic procedures and treatment • that the printed material be at least three standard pages in lenght Exclusion criteria were:
• press campaigns of initiatives or health care systems • position papers • statements • newspaper articles • materials that must be purchased • web pages (i.e. no downloadable pdfs).
All brochures were transformed into plain text (i.e. without pictures, cartoons, bullets and text boxes). Readability was measured using the readability software Text Quest 1.9 (Paasche-Orlow et al., 2003) . The following parameters were assessed for each brochure: language, source, publication year, SMOG (McLaughlin, 1969) , Flesch-Kincaid reading ease index (Flesch, 1948) , number of words and sentences, as well as font size (determined on a visual scale by an independent observer). To assess whether two samples of observations (brochure source: pharmaceutical vs. health advocacy groups; age: before vs. after 2005; shorter vs. longer brochures; English vs. German) came from the same distribution, the values from the variables SMOG and Flesch-Kincaid were analyzed using the non-parametric Mann-Whitney U-Test.
Results
A total of 118 brochures and other written material (e.g. booklets, guidebooks, brief information booklets, extended list of tips for caregivers) from pharmaceutical companies (n = 16) and health advocacy groups (n = 102) were analyzed. All were published between 1997 and 2007, with 25 articles in English and 93 in German. Of the 118 brochures, 31 were related to dementia in general, 72 contained medical facts about Alzheimer's disease and related memory disorders (cognitive impairment; memory loss; other dementias) and 45 covered psychosocial care or social issues (caregivers guide, health insurance, behavioral problems).
The mean SMOG readability grade was found to be 13.6 ± 1.8, and the mean Flesch-Kincaid was 29.4 ± 17.2 (which corresponds to difficult texts of high-school grade (Bachmann, 2007) . None of the publications had a grade level compatible with the 6 th school grade. Only 20 brochures (17%) had a grade correlating to a school grade at or below the 12 th grade ( Table 2 ). The vast majority (n = 96; 82%%) of the brochures were graded to correlate above the 12 th school grade level in the SMOG formula. No difference in SMOG levels was found between brochures obtained from pharmaceutical companies and those from health advocacy initiatives (13.2 ± 1.4 vs. 13.8 ± 1.8; p = 0.11; see also Table 2 ). Neither was a difference observed for brochures published prior to Pharmaceutical source (n = 16): SMOG 13.2 ± 1.4
Health advocacy groups (n = 102): SMOG 13.8 ± 1.8
English (n = 25): SMOG 12.6 ± 1.5
German (n = 93): SMOG 13.9 ± 1.7 p = 0.01
Published before 2005 (n = 58): SMOG 13.7 ± 1.7
Published in or after 2005 (n = 60): SMOG 13.1 ± 2.1
Shorter brochures (n = 59): SMOG 13.3 ± 1.3
Longer brochures (n = 59): SMOG 14.1 ±2.1 p = 0.01
Psychosocial care/social issues (n = 45) SMOG 14.0 ± 1.7
Medical facts (n = 72) SMOG 13.3 ± 1.9 p = 0.04
the median publication year of 2005 compared with those published in or after 2005 (SMOG: 13.1 ± 2.1; p = 0.75). Readability was better in shorter brochures (below the median of 1436 words: SMOG 13.3 ± 1.3) than in longer ones (above median: SMOG 14.1 ± 2.1; p = 0.01). Furthermore, English brochures had a better SMOG-readability (12.6 ± 1.5) than those written in German (13.9 ± 1.7; p = 0.001). Brochures with medical facts had significantly lower SMOG grades than those dealing with psychosocial care or social issues ( Table 2) . The average number of words per sentence was 18. A count of more than 20 words was observed in 25.4% of all brochures. Mean font size was 11.1 ± 1.6. Only 23.6% of the brochures had a font size of 12 or more.
Discussion
Our analysis indicates that written patient information and educational material on dementia and related diseases require high reading skills. Previous studies have shown that the mean reading ability of patients with dementia or older people tends to be at about 6th to 8th grade levels (Davis et al., 1990; Weiss et al., 1994; Hearth-Holmes et al., 1997; Galloway et al., 2003) . Therefore, the readability of the material should not exceed 8th grade (Paasche-Orlow et al., 2003) . Readability tests have revealed that sentences consisting of more than 20 words are difficult to retain because of their reliance on memory and their more complex syntactic structure (Coleman, 1964; Beaman, 1984, Zakaluk and Samuels, 1988) . Current EU guidelines recommend the use of brief sentences for leaflets accompanying medical products (EU, 1998) . On this basis, comprehension of the material analyzed in our study will be limited.
No differences were observed in the readability of brochures produced by pharmaceutical companies compared with those obtained from other sources.
Recently published brochures were not found to be more readable than older ones. Those that were easier to read were shorter in length and written in English rather than in German, despite a SMOG level of 12 th -13 th grade. Brochures that addressed psychosocial contents tended to have higher SMOG levels. Furthermore, the fonts used were often small and clearly below the size recommended for optimal readability by older recipients (12-14 point size) (Vanderplas and Vanderplas, 1980) . Some limitations of our study deserve discussion. It is possible that brochures running to fewer than three standard pages (which were excluded in the present study) are more readable. However, we are convinced that such short brochures are unlikely to contain adequate information about severe, chronic illnesses like dementia. In our experience, short brochures often just provide information about the institutions providing the product or treatment without giving any relevant content. Also, the higher SMOG levels measured in German texts compared to English texts can be explained by the fact that German is more polysyllabic than English, thus limiting direct readability comparisons between the two languages. The high SMOG readability levels (as determined by software) might be an overestimation, since the actual readability of texts might be helped by elements in the text such as diagrams and pictures, which were excluded from the texts prior to analysis. Another limitation is that the majority of texts were from German-speaking countries (mostly Germany, but also Austria and Switzerland). The remaining English brochures were from the U.K., U.S.A, Canada and Australia. It is likely that there many other printed brochures were not retrieved in our search.
The results described here are similar to those found in previous smaller studies relating to specific areas of medical interest (see Table 1 ). We therefore conclude that inadequate readability of written patient information appears to be a more general phenomenon in medicine. The impact, however, is likely to be more adverse for patients with dementia and cognitive decline. Such patients are often less educated and consequently more likely to misunderstand the medical information pertaining to their condition or treatment. The U.S. National Work Group on Literacy and Health and Readability Standards of Medical Schools (Paasche-Orlow et al., 2003) recommends that written material for all age groups should be at 5-10 th -grade level since material at higher levels is unlikely to be understood or perhaps not even read at all. Readable patient information should be seen as a first major step in improving comprehension of medical facts. Nevertheless, other methods of communication should be implemented in order to improve patient comprehension and knowledge.
As confirmed by the present study, despite repeated scientific reports in recent years highlighting the inappropriate use of material requiring high reading skills, there seems to be no improvement in the material produced by health science professionals. Given that readability can be easily assessed by freely available software resources, we recommend careful design and prior readability testing of each informational document written for elderly people and/or cognitively impaired patients. We also conclude that, due to limitations in our study design, further studies should address the readability of printed material of fewer than three pages or material targeted at a younger age group such as the sons, daughters and other younger caregivers.
